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Air  Force  Reference  Atmospheres 

i 

I.  INTRODUCTION 

The  Reference  Atmospheres  presented  in  this  report  were  developed  to  provide 
AF  engineers  and  designers  of  aerospace  systems  with  up-to-date  information  on 
the  seasonal,  latitudinal,  longitudinal,  and  day-to-day  variability  of  the  thermo- 
dynamic properties  of  the  atmosphere  for  altitudes  between  the  surface  and  90  km. 

They  expand  upon  and  update  information  contained  in  the  U,  S,  Standard  Atmosphere 
Supplements,  1966. 

There  has  been  a substantial  increase  in  the  number  of  meteorological  rocket 
observations  taken  on  a routine  basis  during  the  past  ten  years.  These  data  enable 
relatively  detailed  analyses  to  he  made  of  seasonal,  day-to-day,  latitudinal,  and 
longitudinal  IIO'W  to  140°W)  variations  of  the  thermodynamic  properties  of  the 
atmosphere  for  altitudes  up  to  55  km.  The  increase  in  the  number  of  available 
measurements  derived  from  grenade,  pressure  gauge,  and  falling  sphere  experi- 
ments for  altitudes  between  55  and  90  km  has  been  much  smaller.  Consequently, 
the  periodic  and  day-to-day  variations  that  are  given  for  these  altitudes  are  more 
speculative  than  those  provided  for  altitudes  below  55  km. 

The  seasonal  and  latitudinal  variability  of  the  atmosphere  is  shown  by  a series 
of  mean  monthly  atmospheric  models,  presented  in  tabular  form  in  Appendix  A for 
15°  intervals  of  latitude,  including  the  Equator  and  North  Pole.  All  these 

(Received  for  publication  on  28  February  1978) 
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atmospheric  models  with  the  exception  of  those  for  90°N  extend  from  the  surface 

to  90  km.  The  lack  of  observations  at  the  higher  altitudes  in  polar  regions  made  it  a 

impractical  to  extend  the  90° N models  above  55  km.  Special  models  are  included 
(Appendix  B)  that  portray  longitudinal  variations  in  the  monthly  median  values  of 
temperature,  pressure,  and  density  up  to  55  km  during  the  winter  months  near  60° 
and  75°N.  Additional  models  which  illustrate  the  magnitude  of  the  changes  in  the 
vertical  distributions  of  these  atmospheric  properties  during  extreme  winter  warm- 
ings and  coolings  of  the  stratosphere  and  mesosphere  in  arctic  and  subarctic  regions 
are  also  included  (Appendix  B). 

Additional  information  on  the  construction  of  the  models,  the  extremes  that 
occur  in  the  arctic  winter  stratospheres,  and  the  periodic  variations  of  the  thermo- 
dynamic properties  of  the  atmosphere  is  contained  in  References  1 through  4. 

2.  BASIC  ASSUMPTIONS  AND  FORMULAS 

The  monthly  atmospheres  are  defined  by  temperature -altitude  profiles  in  which 
vertical  gradients  of  temperature  are  linear  with  respect  to  geopotential  altitude. 

It  is  assumed  that  the  air  is  dry,  is  in  hydrostatic  equilibrium,  and  behaves  as  a 
perfect  gas.  The  molecular  weight  of  air  at  sea  level,  28.  9644  kg(k-mol)-1,  is 
assumed  to  be  constant  to  90  km.  Actually,  dissociation  of  molecular  oxygen  be- 
gins to  take  place  near  80  km  and  molecular  weight  starts  decreasing  slowly  with 
height.  Consequently,  the  molecular -scale  temperatures  (Tj^)  given  in  Appendix  A 
for  altitudes  above  80  km  are  slightly  but  not  significantly  larger  than  the  ambient 
kinetic  temperature  (T),  as  l^j=(Mo/M)T,  where  Mq  is  sea-level  molecular  weight 
and  M is  the  molecular  weight  of  air  at  a specific  altitude.  Molecular  weight  is 
assumed  constant  below  80  km;  therefore,  molecular-scale  and  ambient  tempera- 
tures are  identical  at  those  altitudes. 

Numerical  values  for  the  various  thermodynamic  and  physical  constants  used 
in  computing  the  tables  of  atmospheric  properties  for  these  atmospheres  are  identi- 
cal to  those  used  in  the  preparation  of  the  U.S.  Standard  Atmosphere,  1976,  with 
two  exceptions.  Surface  conditions  for  the  atmospheres  are  based  on  mean  monthly 


1.  Cole,  A.  E. , and  Kantor,  A.J.  (1975)  Tropical  Atmospheres,  0 to  90  km, 

AFCRL-TR-75-0527.  

2.  Kantor,  A.J. , and  Cole,  A.E.  (1976)  Monthly  Midlatitude  Atmospheres,  Surface 

to  90  km,  AFGL-TR -76-0140.  

3.  Cole,  A.  E. , and  Kantor,  A.J.  (1977)  Arctic  and  Subarctic  Atmospheres, 

0 to  90  km,  AFGL-TR -77 -0046.  

4.  Kantor,  A.J. , and  Cole,  A.E.  (1977)  Monthly  90°N  Atmospheres  and  High- 

Latitude  Warm  and  Cold  Winter  Stratosphere/ Mesosphere.  AFCKL-TR-77  - 
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sea-level  values  of  pressure  and  temperature  for  the  appropriate  latitude  rather 

than  on  standard  conditions.  The  acceleration  due  to  gravity  at  sea  level  for  the 

5 

latitudes  were  obtained  from  the  following  expression  by  Lambert  in  which 
gravity,  g,  varies  with  latitude  0: 

g.  = 9.780356  (1  + 0.0052885  sin2  0 - 0.0000059  sin2  20)  . (1) 


2.1  The  Static  Atmosphere  and  Perfect  Gas  Law 

The  air  is  assumed  to  be  in  hydrostatic  equilibrium  and  to  satisfy  the  differen- 
tial equation 


dP  = -pg  dZ  (2) 

which  relates  air  pressure  (P)  to  density  (p),  acceleration  of  free  fall  (g),  and 
height  (Z).  The  perfect  gas  law  relates  air  pressure  to  density  and  temperature 
as  follows: 


P = 


PR*TM 

M 

o 


3-1  1 

where  R*  is  the  universal  gas  constant,  8.  31432  X 10  JK  (k-mol)’1 
2.2  Geopotential 


(3) 


The  relationship  between  geopotential  altitude  and  geometric  altitude  is  the  same 
as  that  used  for  the  U. S.  Standard  Atmosphere  Supplements,  1966: 


where  H is  the  geopotential  altitude  in  geopotential  meters  (m1),  Z is  the  geometric 

altitude,  r . is  the  effective  earth  radius,  g , is  the  sea-level  value  for  acceleration 

0 60 

of  gravity  at  a specific  latitude  0,  as  given  by  Lambert's  equation,  and  G is  the 

2 -2  -1 

unit  geopotential  set  equal  to  9.  80665  m sec  (m1)  . Values  of  r,  and  g.  are 

0 0 

given  in  Table  1. 


5.  List,  R.J.  (Ed.)  (1968)  Smithsonian  Meteorological  Tables.  Smithsonian  Inst. 

Press,  Washington,  D.  C. 


i 


I 


9 


i 


I 

I 


Table  1.  Sea-Level  Acceleration  of  Gravity  and  the  Effective 
Radius,  r. , of  the  Earth  for  Each  Latitude 
0 


Latitude 

0 

Sea  Level  Gravity 
g^  (m  sec-2) 

Effective  Earth's  Radius 
r^,  (km) 

0 

9.78036 

6334.984 

15 

9.78381 

6337.838 

30 

9.79324 

6345.  653 

45 

9.  80665 

6356.766 

60 

9.81911 

6367.  103 

75 

9. 82860 

6374.972 

90 

9.82308 

6377.862 

2.3  Pressure 

Vertical  distributions  of  pressure  were  computed  from  appropriate  temperature  - 
height  profiles  and  associated  mean  monthly  surface  pressures,  according  to  the 
following  barometric  equations: 

P .(  TMb  \ ^(L,0) 

TD  / M h \ 

V“"  ( ) <L'°’ 

where  h = H - H^;  is  the  geopotential  altitude  at  the  base  of  a particular  layer 
characterized  by  a specific  value  of  L,  which  is  the  vertical  gradient  of  molecular - 
scale  temperature  with  geopotential  height  (dT^/dh);  and  Tj^  and  are  the 
respective  values  of  temperature  and  pressure  at  altitude  H.  . 


(5) 

(6) 


3.  DATA 

Initial  sea-level  pressures  for  each  atmosphere  were  taken  from  mean  monthly 

6 7 8 

sea-level  charts  for  the  Northern  Hemisphere.  ’ ’ Mean  monthly  temperature- 

height  profiles  for  altitudes  up  to  30  km  were  obtained  for  specific  latitudes  by  giving 

8-11 

equal  weight  to  radiosonde  temperatures  interpolated  for  each  10°  of  longitude. 

Temperature  distributions  between  30  and  55  km  are  based  on  Meteorological 

12 

Rocket  Network  (MRN)  observations  taken  at  the  locations  given  in  the  upper 

(Because  of  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  Reference  Page  37,  for  References  6 through  12. 
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section  of  Table  2,  and  sets  of  5-,  2-,  and  0.  4-mb  constant -pressure  maps  pre- 
pared by  the  Upper  Air  Branch  of  the  National  Weather  Service  on  a weekly  basis  « 

13  -19 

for  the  years  1964  through  1968  and  from  January  1972  through  June  1974. 

Prior  to  1972  these  maps  were  based  on  meteorological  rocketsonde  observations  < 

and  extrapolated  radiosonde  data  and  covered  the  area  between  0°  and  160°W  in  the 

Northern  Hemisphere.  Since  1972  efforts  have  been  made  to  expand  the  coverage 

by  using  data  from  satellite  radiance  measurements.  However,  there  are  still 

questions  concerning  the  accuracy  of  temperature  data  derived  from  satellite 

measurements;  consequently,  the  data  used  from  these  maps  are  confined  to  areas 

where  rocket  data  can  be  applied  to  confirm  the  analyses. 

The  MRN  temperature  observations  were  corrected  as  suggested  by  Krumins 
20 

and  Lyons  for  altitudes  between  30  and  55  km.  They  were  not  used  for  altitudes 
above  55  km,  since  thermistor  measurements  are  subject  to  large  uncertainties 
above  55  km.  The  temperature  distributions  between  55  and  90  km  are  based  on 

values  derived  from  grenade,  falling  sphere,  and  pressure  gauge  experiments  con- 

21-35  ; 

ducted  at  locations  indicated  in  the  lower  portion  of  Table  2. 


Table  2.  Observational  Sites 


Meteorological  Rockets 

Stations 

Latitude 

Longitude 

Period  of  Record 

Ascension 

8SS 

14°W 

Jan  1964  - Dec  1976 

Ft.  Sherman 

9°N 

80°W 

Dec  1966  - Dec  197  6 

Antigua 

17  °N 

62  °W 

Jan  1965  - Dec  1976 

Barking  Sands 

22°N 

160°W 

Dec  1966  - Dec  1976 

Cape  Kennedy 

28°N 

80°W 

Jan  1964  - Dec  197  6 

White  Sands 

32»N 

106°W 

Jan  1965  - Dec  1976 

Point  Mugu 

34°N 

119°W 

Jan  1965  - Dec  1976 

Wallops  Island 

38°N 

75°W 

Jan  1965  - Dec  197  6 

Volgograd 

CD 

o 

44°E 

Jan  1968  - Feb  1976 

Shemya 

53°N 

174°E 

Jan  1975  - Mar  197  6 

Primrose  Lake 

55°N 

110°W 

Apr  1967  - Dec  1976 

West  Geirinish 

57  °N 

7°W 

Jan  1965  - Jan  1972 

Churchill 

59  °N 

94°W 

Jan  1965  - Dec  1976 

Ft.  Greely 

64°N 

146°W 

Jan  1965  - Dec  1976 

Thule 

77  °N 

69°W 

Jan  1965  - Dec  1976 

Heiss  Island 

8 1°N 

580E 

Jan  1968  - Feb  1976 

(Because  of  the  large  number  of  references  cited  above,  they  will  not  be  listed  here. 
See  Reference  Page  37,  for  References  13  through  35.  ) 
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Table  2.  Observational  Sites  (Cont) 


I 

4.  ANALYSIS 

J 

Mean  monthly  pressure -height  and  temperature  maps  were  developed  for  5.0, 

2.  0,  and  0.  4 mb  from  grid  point  data  taken  from  the  weekly  pressure -height  maps 

prepared  at  these  levels  by  the  National  Weather  Service  for  the  Northern  Hemis-  ' 

phere.  Mean  January  and  July  pressure -height  and  temperature  maps  for  the  0.4 
mb  level  are  shown  in  Figures  1 and  2,  respectively. 

Medians  of  monthly  temperatures  and  densities  were  derived  at  5 -km  intervals 
of  altitude  between  30  and  90  km  from  meteorological  and  experimental  rocket 
observations  taken  at  the  locations  given  in  Table  2.  Bimonthly  running  medians 
were  obtained  for  altitudes  and  locations  where  data  for  one  or  more  months  were 
missing. 

The  median  monthly  temperatures  and  densities  for  each  location  and  level  were 
subjected  to  harmonic  analysis  for  annual  and  semiannual  cycles.  The  analyses 
smoothed  the  data  and  gave  regression  equations  of  the  form 

Y = Y+  Aj  sin(x+0 j)  + A2  (sin  2x+02>  (7) 

# where  A is  amplitude,  Y is  either  density  or  temperature,  Y is  the  mean  annual 

value,  x=iz,  z=  3 60° /period,  i=0,  2 11,  where  0 represents  15  January,  1 repre- 

sents 15  February,  etc. 

Due  to  the  sparsity  of  observations  above  50  km,  it  was  necessary  to  combine 
j the  temperatures  derived  from  experimental  observations  taken  at  Ascension,  Natal, 

Kourou,  and  Guam  to  obtain  an  adequate  data  sample  on  which  to  base  the  median 
J monthly  values  between  55  and  90  km  in  tropical  regions. 


Experimental  Rockets 

Stations 

Latitude 

Longitude 

Period  of  Record 

Woomera 

3 1°S 

137  ®E 

1957  - 1973 

Ascension  Island 

8*S 

14°W 

1964  - 1965 

Natal 

6®S 

35°W 

1966  - 1968 

Kourou 

5°N 

52°W 

1971 

Guam 

13®N 

145°E 

1958 

White  Sands 

32“N 

106*W 

1965  - 1971 

Wallops  Island 

38*N 

75°W 

1961  - 1971 

Churchill 

59°N 

94®W 

1957  - 1971 

Barrow 

7 1°N 

157  *W 

1965  - 1972 
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Monthly  temperatures  from  the  individual  harmonic  curves  and  those  derived 
from  the  mean  monthly  maps  for  5,  2,  and  0.  4 mb  were  plotted  vs  latitude  for  5 -km 
height  increments  between  30  and  80  km.  Third  degree  polynomial  curves  were 
fitted  to  the  data.  The  curves  appeared  to  provide  reasonable  estimates  of  the 
temperature  gradients  from  the  North  Pole  to  the  Equator  at  altitudes  below  55  km 
where  data  are  relatively  plentiful,  as  well  as  at  altitudes  above  55  km  during  the 
summer  months  when  longitudinal  and  latitudinal  temperature  variations  are  rela- 
tively small.  The  latitudinal  distributions  of  30 -km  temperatures  during  January 
and  July  are  shown  in  Figure  3.  During  the  Northern  Hemisphere  winter  when 
longitudinal  and  latitudinal  temperature  variations  are  large,  especially  above  50  km, 
the  polynomials  do  not  provide  realistic  estimates  of  the  latitudinal  temperature 
gradients  for  altitudes  between  50  and  90  km.  Fourth  and  fifth  degree  polynomial 
fits  provided  even  poorer  estimates.  Consequently,  linear  interpolations  and  sub- 
jectively drawn  curves  were  used  to  obtain  estimates  of  the  monthly  median  temper- 
ature at  15°  intervals  of  latitude  at  altitudes  above  50  km  for  the  winter  months. 


Figure  3.  Latitudinal  Distribution  of  Median  30-km 
Temperatures  for  January  and  July 
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Median  monthly  temperatures  obtained  from  MRN  soundings  for  1-km  intervals 
of  altitude  from  45  to  55  and  75  to  85  km  were  analyzed  to  determine  the  monthly 
variations  in  the  height  and  thickness  of  isothermal  layers  associated  with  the 

’i  stratopause  and  mesopause.  Latitudinal  temperature -height  cross-sections  of  the 

» 

adopted  monthly  temperatures  for  January  and  July  are  shown  in  Figure  4 for  alti- 
tudes between  10  and  90  km. 

The  temperature -height  profiles  adopted  for  each  of  the  monthly  atmospheres 
are  defined  in  Appendix  C.  The  vertical  temperature  gradients  between  break- 
points are  linear  with  geopotential  altitude. 

The  latitudinal  distribution  of  atmospheric  density  based  on  values  from  the 
January  and  July  atmospheres  is  shown  in  Figure  5.  Densities  at  the  various  lati- 
tudes and  altitudes  are  expressed  as  percentages  of  the  densities  of  the  U.  S.  Standard 
Atmosphere,  197  6.  The  largest  January  and  July  departures  of  density  from 
standard  occur  near  75°  latitude  between  65  and  75  km.  At  these  altitudes  the  Jan- 
uary densities,  50  percent  of  standard,  are  roughly  one  third  of  the  July  densities 
which  are  165  percent  of  standard.  Mean  monthly  densities  between  30  and  90  km 
generally  increase  toward  the  equator  in  January  and  toward  the  pole  in  July.  The 
highest  and  lowest  values  occur  during  the  months  of  June -July  and  December- 
January,  respectively,  north  of  30°  latitude. 


5.  DISTRIBUTION  OF  OBSERVED  TEMPERATURES  AND  DENSITIES 

The  distributions  of  observed  temperatures  and  densities  around  median  values 
in  January  and  July  for  30°,  45°,  60°.  and  75°N  are  shown  in  Tables  3 and  4 for 
altitudes  up  to  80  km.  Median  and  high  and  low  values  which  are  equalled  or  ex- 
ceeded 1,  10,  and  20  percent  of  the  time  are  given  for  5 -km  altitude  increments. 
Densities  are  shown  as  percent  departures  from  the  Standard  Atmosphere  densities. 
Distributions  below  30  km  are  based  on  radiosonde  observations  taken  in  the  North- 
ern Hemisphere,  and  those  above  30  km  are  based  on  meteorological  and  experi- 
mental rocket  observations.  The  one  -percent  values  are  considered  to  be  rough 
estimates  as  they  are  based  on  the  tails  of  the  distributions  of  observed  values 
plotted  on  probability  paper.  Also,  estimates  for  altitudes  above  50  km  are  less 
( reliable  than  those  below  50  km  because  of  the  paucity  of  data  and  larger  observational 

errors  at  the  higher  altitudes.  Only  median  temperatures  and  densities  are  given 
above  55  km  at  75  °N  for  July  due  to  the  small  number  of  observations  that  are  avail- 
able for  the  higher  altitudes  in  polar  regions  in  summer. 

j 
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LATITUDE 

Latitudinal  Temperature-Height  Cross-Sections  of  Monthly  Temperatures  for  January  and  July 


gure  5.  Latitudinal  Density -Height  Cross-Sections  for  January  and  July 


Table  3a.  Median,  High,  and  Low  Percentile  Values  of  Temperatures  for  January 
and  July  at  30°N 


Altitude 

(km) 

Median 

(°K) 

17 

0 

10% 

20% 

High 

(°K) 

Low 

CK) 

High 

CK) 

Low 

CK) 

High 

CK) 

Low 

CK) 

J A 

N U A 

R Y 

5 

262 

272 

251 

267 

256 

265 

258 

10 

229 

239 

219 

235 

223 

233 

225 

15 

208 

221 

198 

216 

203 

214 

205 

20 

208 

222 

200 

216 

203 

214 

204 

25 

220 

231 

210 

226 

216 

224 

217 

30 

229 

239 

218 

236 

224 

234 

226 

35 

240 

254 

222 

248 

232 

245 

235 

40 

252 

270 

240 

262 

249 

258 

250 

45 

264 

283 

253 

277 

258 

272 

260 

50 

266 

281 

256 

276 

260 

27  3 

262 

55 

254 

272 

231 

267 

243 

263 

248 

60 

243 

254 

223 

248 

232 

246 

235 

65 

231 

254 

218 

242 

226 

238 

228 

70 

220 

235 

198 

227 

204 

225 

210 

75 

218 

253 

197 

237 

203 

227 

208 

80 

209 

243 

187 

230 

194 

217 

197 

JULY 

5 

27  2 

27  8 

262 

274 

266 

275 

268 

10 

238 

249 

227 

246 

232 

242 

234 

15 

204 

216 

196 

211 

200 

210 

200 

20 

212 

223 

203 

218 

206 

216 

206 

25 

223 

230 

216 

227 

218 

226 

219 

30 

234 

241 

226 

238 

229 

236 

231 

35 

244 

254 

237 

250 

240 

247 

242 

40 

256 

267 

247 

263 

251 

261 

253 

45 

266 

275 

259 

272 

264 

269 

265 

50 

269 

282 

258 

278 

262 

275 

264 

55 

264 

273 

247 

269 

253 

267 

256 

60 

247 

262 

231 

255 

240 

252 

243 

65 

228 

240 

215 

236 

219 

234 

222 

70 

209 

222 

186 

219 

194 

214 

200 

75 

200 

218 

178 

214 

192 

209 

196 

80 

193 

207 

182 

200 

189 

198 

191 

19 


Table  3b.  Median,  High,  and  Low  Percentile  Values  of  Temperatures  for  January 
and  July  at  45° N (Cont) 


— — — — 1 

Altitude 

(km) 

Median 

CK) 

1% 

10% 

20% 

High 

CK) 

Low 

CK) 

High 

CK) 

Low 

CK) 

High 

CK) 

Low 

CK) 

J A 

N U A 

R Y 

5 

250 

263 

233 

257 

239 

254 

242 

10 

220 

233 

206 

227 

212 

225 

214 

15 

217 

231 

202 

225 

208 

222 

211 

20 

215 

227 

203 

222 

208 

220 

210 

25 

215 

233 

197 

226 

205 

224 

209 

30 

221 

240 

209 

230 

214 

226 

219 

35 

233 

258 

215 

251 

223 

243 

226 

40 

247 

272 

226 

264 

236 

257 

240 

45 

262 

288 

240 

283 

250 

271 

254 

50 

265 

282 

249 

274 

256 

270 

258 

55 

253 

275 

229 

267 

239 

263 

245 

60 

244 

266 

220 

263 

230 

257 

241 

65 

235 

255 

214 

246 

223 

243 

228 

70 

226 

246 

206 

238 

211 

234 

217 

75 

225 

261 

197 

245 

205 

235 

210 

80 

216 

248 

185 

237 

197 

228 

202 

J U 

L Y 

5 

267 

277 

255 

274 

259 

272 

262 

10 

235 

247 

222 

240 

227 

239 

230 

15 

216 

227 

205 

222 

206 

220 

212 

20 

219 

233 

207 

227 

213 

225 

215 

25 

225 

233 

216 

229 

217 

228 

221 

30 

234 

242 

228 

239 

231 

237 

232 

35 

245 

254 

238 

250 

241 

248 

243 

40 

256 

268 

250 

265 

254 

263 

255 

45 

268 

280 

260 

276 

263 

272 

265 

50 

273 

283 

264 

279 

268 

277 

270 

55 

264 

273 

249 

269 

255 

267 

260 

60 

247 

270 

230 

264 

235 

260 

238 

65 

230 

245 

216 

241 

223 

238 

220 

70 

213 

226 

188 

219 

196 

216 

202 

75 

195 

210 

175 

205 

186 

201 

190 

. 80 

183 

203 

154 

195 

163 

191 

170 

Table  3c.  Median,  High,  and  Low  Percentile  Values  of  Temperatures  for  January 
and  July  at  60  °N  (Cont) 


Altitude 

Median 

1% 

10% 

20% 

(km) 

(°K) 

High 

(°K) 

Low 

<°K) 

High 

(°K) 

Low 

(°K) 

High 

CK) 

Low 

CK) 

J 

A N U A 

R Y 

5 

240 

255 

225 

249 

23 j 

246 

234 

10 

217 

231 

203 

224 

209 

222 

211 

15 

217 

231 

203 

225 

209 

222 

212 

20 

215 

236 

194 

226 

204 

222 

208 

25 

212 

241 

185 

229 

197 

223 

203 

30 

216 

253 

203 

235 

204 

225 

210 

35 

221 

277 

204 

259 

209 

238 

214 

40 

227 

300 

206 

278 

211 

246 

219 

45 

243 

303 

219 

282 

225 

255 

231 

50 

251 

289 

226 

280 

240 

271 

245 

55 

251 

283 

225 

27  5 

233 

256 

238 

60 

243 

27  1 

210 

261 

224 

253 

234 

65 

238 

262 

208 

258 

218 

249 

222 

70 

239 

264 

212 

253 

219 

249 

225 

75 

232 

255 

180 

249 

203 

246 

213 

80 

223 

248 

173 

243 

195 

239 

204 

JULY 

5 

260 

271 

250 

266 

254 

264 

256 

10 

225 

238 

214 

233 

219 

231 

221 

15 

225 

235 

217 

231 

221 

229 

223 

20 

225 

233 

219 

230 

222 

229 

223 

25 

229 

236 

222 

233 

225 

232 

226 

30 

239 

245 

232 

243 

234 

241 

235 

35 

252 

258 

243 

256 

247 

253 

248 

40 

265 

27  2 

259 

269 

263 

268 

262 

45 

277 

287 

271 

283 

274 

280 

27  5 

50 

279 

290 

273 

286 

277 

284 

279 

55 

27  1 

278 

257 

275 

264 

273 

266 

60 

259 

273 

212 

265 

250 

263 

253 

65 

238 

259 

225 

253 

230 

248 

233 

70 

214 

239 

202 

226 

208 

222 

211 

75 

190 

202 

178 

196 

182 

194 

186 

80 

166 

180 

142 

176 

153 

174 

155 

Table  3d.  Median,  High,  and  Low  Percentile  Values  of  Temperatures  for  January 
and  July  at  75°N  (Cont) 


Altitude 

Median 

1% 

10% 

20% 

(km) 

CK) 

High 

CK) 

Low 

CK) 

High 

CK) 

Low 

CK) 

High 
CK)  , 

Low 

CK) 

J A 

N U A 

R Y 

5 

235 

246 

222 

241 

229 

238 

230 

10 

214 

224 

202 

219 

207 

217 

209 

15 

209 

219 

195 

213 

201 

211 

203 

20 

204 

225 

179 

215 

189 

210 

194 

25 

205 

233 

181 

221 

193 

216 

198 

30 

209 

255 

194 

231 

198 

224 

202 

35 

219 

256 

199 

249 

210 

236 

213 

40 

229 

284 

207 

256 

219 

248 

224 

45 

239 

281 

203 

264 

224 

260 

233 

50 

249 

282 

201 

265 

225 

259 

229 

55 

255 

291 

208 

262 

221 

253 

226 

60 

247 

303 

206 

263 

213 

255 

219 

65 

238 

310 

186 

277 

202 

263 

209 

70 

242 

297 

166 

277 

201 

261 

207 

75 

234 

289 

183 

259 

201 

261 

207 

80 

224 

277 

165 

254 

194 

240 

201 

J U 

L Y 

5 

254 

264 

244 

259 

248 

257 

250 

10 

229 

238 

219 

234 

223 

232 

225 

15 

230 

237 

225 

235 

228 

233 

229 

20 

230 

237 

227 

235 

228 

234 

229 

25 

230 

240 

226 

238 

227 

237 

229 

30 

243 

262 

233 

247 

235 

246 

240 

35 

256 

262 

238 

260 

246 

258 

250 

40 

268 

275 

252 

271 

260 

270 

262 

45 

281 

292 

268 

287 

27  5 

284 

278 

50 

284 

296 

270 

291 

279 

288 

280 

55 

281 

288 

254 

284 

270 

283 

275 

60 

268 

65 

246 

(insufficient  data  above  55  km  in  summer) 

70 

218 

75 

189 

80 

161 

22 


Table  4a.  Median,  High,  and  Low  Percentile  Values  of  Densities  Given  as 
Percentage  Departures  From  U. S.  Standard  Atmosphere  1976  for 
January  and  July  at  30°N 


Altitude 

(km) 

Median 
(%  of  Std) 

1% 

10% 

20% 

U.S.  Std 
Density 
(kg  m”3) 

High 

Low 

High 

Low 

High 

Low 

J A 

N U 

A R 

Y 

5 

-1 

+ 1 

-3 

0 

-2 

0 

-2 

7.3643-1 

10 

+ 1 

+4 

-3 

+3 

-1 

+2 

0 

4.  1351 

15 

+7 

+ 15 

-1 

+ 12 

+4 

+ 10 

+5 

1.9476 

20 

+3 

+7 

-2 

+5 

+ 1 

+4 

+ 2 

8.  8910-2 

25 

-2 

+4 

-6 

+3 

-4 

+ 1 

-2 

4.0084 

30 

-4 

+2 

-10 

-2 

-8 

-3 

-6 

1.8410 

35 

-3 

+3 

-12 

0 

-8 

-1 

-6 

8.4634-3 

40 

-1 

+2 

-10 

+ 1 

-7 

0 

-5 

3.9957 

45 

0 

+8 

-10 

+3 

-7 

+2 

-5 

1.9663 

50 

+ 1 

+ 12 

-8 

+7 

-4 

+5 

-2 

1.0269 

55 

0 

+9 

-10 

+5 

-6 

+3 

-4 

5.  6810-4 

60 

-2 

+ 12 

-15 

+5 

-9 

+2 

-6 

3.0968 

65 

-4 

+21 

-25 

+ 13 

-13 

+7 

-6 

1.  6321 

70 

-5 

+ 16 

-26 

+9 

-17 

+6 

-12 

8.2828-5 

75 

-7 

+21 

-25 

+ 13 

-15 

+8 

-10 

3.9921 

80 

-4 

+ 21 

-22 

+ 15 

-13 

+8 

-7 

1.8458 

J 

U L 

Y 

5 

-3 

0 

-5 

-1 

-4 

-2 

-4 

7.3643-1 

10 

+ 1 

+3 

-1 

+2 

• 0 

+2 

0 

4.  1351 

15 

+ 16 

+20 

+ 11 

+ 17 

+ 13 

+ 17 

+ 14 

1.9476 

20 

+8 

+ 11 

+ 14 

+ 10 

+5 

+9 

+ 6 

8.8910-2 

25 

+4 

+ 9 

0 

+7 

+ 2 

+6 

+3 

4.0084 

30 

+3 

+7 

-1 

+5 

+ 1 

+4 

+ 2 

1.  8410 

35 

+6 

+ 10 

+2 

+8 

+3 

+7 

+4 

8.4634-3 

40 

+9 

+ 15 

+ 2 

+ 11 

+ 5 

+ 10 

+7 

3.9957 

45 

+ 12 

+ 19 

+4 

+ 14 

+7 

+ 13 

+9 

1.  9663 

50 

+ 13 

+23 

+ 6 

+ 17 

+8 

+ 15 

+ 10 

1.0269 

55 

+ 11 

+20 

+2 

+ 15 

+5 

+ 13 

+7 

5.  6810-4 

60 

+ 13 

+24 

-1 

+21 

+3 

+ 19 

+7 

3.  0968 

65 

+ 15 

+43 

-6 

+38 

0 

+30 

+6 

1.  6321 

70 

+ 15 

+32 

-9 

+23 

+ 1 

+20 

+8 

8.  2828-5 

75 

+ 10 

+24 

-11 

+20 

-6 

+ 15 

+ 1 

3.9921 

80 

+6 

+22 

-15 

+ 17 

-6 

+ 14 

+ 1 

1.8458 

Table  4b.  Median,  High,  and  Low  Percentile  Values  of  Densities  Given  as 
Percentage  Departures  From  U.  S.  Standard  Atmosphere  1976  for 
January  and  July  at  45°N  (Cont) 


Altitude 

Median 

(km) 

(%  of  Std) 

20%  U.S.  Std 

Density 

High  Low  (kg  m"3) 


J 

A N U 

A R 

Y 

5 

0 

+4 

-3 

+ 3 

-2 

+2 

-1 

7.3643-1 

10 

-2 

+ 6 

-10 

+3 

-6 

+ 1 

-4 

4.  1351 

15 

-3 

+4 

-12 

+ 1 

-8 

-1 

-6 

1.  9476 

20 

-2 

+ 2 

-8 

0 

-6 

-1 

-5 

8.8910-2 

25 

-2 

+ 2 

-8 

0 

-6 

-1 

-5 

4.0084 

30 

-5 

+ 1 

-17 

-2 

-13 

-4 

-9 

1.  8410 

35 

-6 

+2 

-20 

-2 

-16 

-4 

-12 

8.4634-3 

40 

-8 

+ 5 

-23 

0 

-17 

-4 

-13 

3.  9957 

45 

-9 

+ 8 

-22 

+ 2 

-16 

-3 

-14 

1. 9663 

50 

-8 

+ 11 

-20 

+4 

-16 

-3 

-14 

1.0269 

55 

-9 

+9 

-25 

+2 

-18 

-4 

-16 

5.  6810-4 

60 

-12 

+7 

-28 

0 

-23 

-7 

-20 

3. 0968 

65 

-14 

0 

-38 

-5 

-34 

-10 

-28 

1.  6321 

70 

-15 

+ 2 

-38 

-9 

-30 

-12 

-26 

8.  2828-5 

75 

-16 

-3 

-38 

-9 

-30 

-12 

-26 

3. 9921 

80 

-23 

-2 

-42 

-8 

-36 

-10 

-30 

1.  8458 

J U 

L Y 

5 

-2 

+ 1 

-5 

-1 

-4 

-1 

-3 

7. 3643-1 

10 

0 

+3 

-4 

+2 

-2 

+ 1 

-1 

4.  1351 

15 

+ 8 

+ 17 

+ 2 

+ 15 

+4 

+ 13 

+ 5 

1.9476 

20 

+ 6 

+ 11 

0 

+ 8 

+ 2 

+7 

+3 

8.  8910-3 

25 

+7 

+ 10 

+4 

+9 

+ 5 

+8 

+ 6 

4. 0084 

30 

+7 

+ 12 

0 

+ 9 

4-2 

+8 

+4 

1.  8410 

35 

+ 9 

+ 16 

0 

+ 12 

+3 

+ 10 

+ 6 

8.  4634-3 

40 

+ 13 

+ 21 

+4 

+ 16 

+8 

+ 14 

+ 10 

3.9957 

45 

+ 15 

+26 

+ 6 

+ 20 

+ 10 

+ 18 

+ 12 

1.  9663 

50 

+ 17 

+ 31 

+ 9 

+ 25 

+ 12 

+21 

+ 14 

1.  0269 

55 

+ 17 

+32 

+8 

+25 

+ 11 

+22 

+ 14 

5.  6810-4 

60 

+ 19 

+30 

+4 

+ 26 

+ 10 

+24 

+ 13 

3.0968 

65 

+ 20 

+40 

+4 

+35 

+ 10 

+30 

+ 13 

1.  6321 

70 

+ 20 

+37 

0 

+32 

+9 

+27 

+ 12 

8.  2828-5 

75 

+ 19 

+40 

-2 

+30 

+7 

+26 

+ 11 

3. 9921 

80 

+ 14 

+32 

-4 

+ 30 

+4 

+ 25 

+9 

1.  8458 

Table  4c.  Median,  High,  and  Low  Percentile  Values  of  Densities  Given  as 
Percentage  Departures  From  U.S.  Standard  Atmosphere  1976  for 
January  and  July  at  60° N (Cont) 


A Ititude 

Median 

1% 

10% 

20% 

U.S.  Std 

(km) 

(%  of  Std) 

High 

Low 

High 

Low 

High 

Low 

Density 
(kg  m‘3) 

J A 

N U A 

R Y 

5 

+ 1 

+ 6 

-3 

+ 4 

-1 

+ 2 

0 

7. 3643-1 

10 

-6 

+3 

-15 

+ 2 

-15 

-3 

-10 

4.  1351 

15 

-9 

-2 

-15 

-5 

-12 

-6 

-11 

1.  9476 

20 

-8 

-1 

-15 

-5 

-11 

-6 

-10 

8.  8910-2 

25 

-7 

+ 3 

-16 

-2 

-12 

-4 

-10 

4.0084 

30 

-10 

+7 

-32 

+ 2 

-18 

-2 

-15 

1.  8410 

35 

-12 

+ 8 

-35 

+3 

-27 

-3 

-19 

8.  4634-3 

40 

-15 

+ 10 

-36 

+5 

-30 

-4 

-20 

3.  9957 

45 

-21 

+ 12 

-39 

+ 5 

-34 

-10 

-24 

1.  9663 

50 

-26 

+ 14 

-43 

+3 

-36 

-15 

-29 

1.  0269 

55 

-32 

+ 9 

-48 

-10 

-39 

-20 

-35 

5.  6810-4 

60 

-36 

+4 

-54 

-12 

-40 

-25 

-39 

3.  0968 

65 

-36 

-5 

-50 

-16 

-46 

-27 

-42 

1.  6321 

70 

-37 

-12 

-54 

-25 

-49 

-32 

-43 

8.  2828-5 

75 

-35 

-10 

-53 

-24 

-47 

-30 

-42 

3.9921 

80 

-28 

-11 

-53 

-17 

-47 

-21 

-40 

1.  8458 

JULY 

5 

-2 

+ 2 

-5 

+ 1 

-4 

0 

-3 

7.3643-1 

10 

0 

+7 

-8 

+4 

-5 

+2 

-3 

4.  1351 

15 

0 

+ 6 

-7 

+3 

-4 

+2 

-2 

1.947  6 

20 

+3 

+7 

-2 

+ 6 

0 

+ 5 

+ 1 

8.  8910-2 

7.5 

+5 

+8 

+ 1 

+7 

+2 

+ 6 

+3 

4.  0084 

30 

+7 

+ 12 

-1 

+9 

+2 

+ 8 

+4 

1.  8410 

35 

+ 10 

+ 18 

0 

+ 14 

+3 

+ 12 

+7 

8.  4634-3 

40 

+ 15 

+ 23 

+5 

+ 19 

+ 10 

+ 17 

+ 12 

3.9957 

45 

+ 20 

+ 28 

+7 

+ 25 

+ 13 

+ 23 

+ 16 

1.9663 

50 

+ 25 

+ 35 

+ 10 

+30 

+ 16 

+ 28 

+22 

1.0269 

55 

+ 27 

+35 

+ 11 

+30 

+ 16 

+ 29 

+22 

5.  6810-4 

60 

+ 28 

+ 42 

+ 11 

+39 

+ 16 

+33 

+ 22 

3.0968 

65 

+35 

+50 

+ 11 

+44 

+ 18 

+39 

+28 

1.  6321 

70 

+42 

+ 52 

+ 12 

+46 

+ 20 

+44 

+30 

8.  2828-5 

75 

+44 

+ 58 

+ 12 

+52 

+ 20 

+48 

+35 

3.9921 

80 

+40 

+ 56 

+ 10 

+ 50 

+ 18 

+44 

+30 

1.  8458 

Table  4d.  Median,  High,  and  Low  Percentile  Values  of  Densities  Given  as 
Percentage  Departures  From  U.  S.  Standard  Atmosphere  1976  for 
January  and  July  at  75°N  (Cont) 


- . — - ■ 

Altitude 

(km) 

Median 
(%  of  Std) 

1% 

10% 

20% 

U.S.  Std 
Density 
(kg  m "3 ) 

High 

Low 

High 

Low 

High 

Low 

J 

A N 

U A R 

Y 

5 

+2 

+ 6 

-1 

+5 

0 

+4 

+ 1 

7.3643-1 

10 

-8 

+ 2 

-18 

-3 

-13 

-5 

-10 

4.  1351 

15 

-10 

-1 

-18 

-6 

-14 

-8 

-13 

1.  9476 

20 

-12 

-1 

-22 

-6 

-17 

-8 

-15 

8.  8910-2 

25 

-15 

-2 

-28 

-8 

-20 

-10 

-18 

4. 0084 

30 

-21 

-4 

-36 

-9 

-26 

-16 

-24 

1.  8410 

35 

-25 

0 

-43 

-10 

-32 

-16 

-30 

8.4634-3 

40 

-29 

+4 

-48 

-9 

-38 

-16 

-38 

3.9957 

45 

-33 

+8 

-52 

-6 

-45 

-16 

-39 

1.  9663 

50 

-38 

+4 

-56 

-8 

-48 

-20 

-42 

1.0269 

55 

-44 

+5 

-65 

-10 

-56 

-23 

-50 

5.  6810-4 

60 

-46 

0 

-70 

-16 

-60 

-32 

-55 

3.0968 

65 

-47 

+ 1 

-66 

-27 

-62 

-35 

-58 

1.  6321 

70 

-48 

-1 

-69 

-21 

-62 

-35 

-60 

8.  2828-5 

75 

-45 

-10 

-65 

-25 

-57 

-35 

-53 

3. 9921 

80 

-40 

-8 

-55 

-24 

-50 

-34 

-45 

1.  8458 

J U 

L Y 

5 

1 

+4 

-2 

+3 

-1 

+2 

0 

7. 3643-1 

10 

-4 

+5 

-12 

+3 

-10 

0 

-7 

4.  1351 

15 

-4 

+2 

-9 

0 

-7 

-2 

-6 

1.9476 

20 

+ 1 

+6 

-4 

+4 

-2 

+3 

-1 

8.  8910-2 

25 

+ 1 

+ 10 

-8 

+ 6 

-3 

+5 

-2 

4.  0084 

30 

+7 

+ 13 

+2 

+ 10 

+5 

+8 

+ 6 

1.  8410 

35 

+ 12 

+25 

+3 

+ 18 

+ 8 

+ 16 

+ 10 

8.4634-3 

40 

+ 19 

+ 27 

+6 

+23 

+ 13 

+21 

+ 16 

3.9957 

45 

+ 25 

+35 

+ 10 

+30 

+ 18 

+28 

+ 21 

1.  9663 

50 

+ 27 

+40 

+ 10 

+35 

+ 20 

+32 

+24 

1.0269 

55 

+32 

+42 

+ 10 

+39 

+ 20 

+35 

+ 25 

5.  6810-4 

60 

+37 

3.  0968 

65 

+48 

'Insufficient  data  above  55  km 

1.  6321 

70 

+ 60 

in  summer) 

8.  2828-5 

75 

+ 67 

3. 9921 

80 

+ 64 

1.  8458 
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In  tropical  regions,  0°  to  15°  latitude,  the  monthly  temperature  and  density 
distributions  are  nearly  normal  at  altitudes  up  to  50  km.  Consequently,  a reason- 
ably accurate  estimate  of  the  distributions  of  temperature  and  density  in  the  tropics 
can  be  obtained  from  the  standard  deviations.  The  standard  deviations  of  observed 
temperatures  (°K)  and  density  (%)  around  the  mean  monthly  values  at  Ascension, 
Table  5,  are  typical  of  the  day-to-day  variations  found  in  the  tropics.  There  is 
little  change  in  the  magnitude  of  the  variations  with  longitude. 


Table  5,  Standard  Deviations  of  Observed  Day-to-Day  Variations  in  Temperatures 
(°K)  and  Densities  (%)  at  Ascension  (8°S)  at  Altitudes  up  to  50  km  During  the  Mid- 
season Months 


Altitude  (km) 

Jan 

April 

July 

Oct 

5 

0.  8 

0.  6 

S.  D.  of  Tempera- 

0.7 

0.  6 

10 

0.  8 

1.0 

ture  (°K) 

0.  8 

1.  1 

15 

1.  6 

2.0 

1.  9 

1.  5 

20 

2.  2 

2.  2 

2.  4 

2.  1 

25 

2.  2 

2.  2 

2.7 

2.  1 

30 

3.  1 

2.  8 

3.  8 

3.  6 

35 

3.7 

3.  2 

3.7 

3.  8 

40 

5.  2 

3.  9 

3.3 

3.  5 

45 

3.  6 

2.8 

3.  2 

3.  3 

50 

5.  8 

2.9 

3.  9 

3.0 

5 

0.  4 

0.3 

S.  D.  of  Density 

0.  3 

0.4 

10 

0.4 

0.4 

(%  of  Monthly 

Mean) 

0.4 

0.  4 

15 

0.  8 

0.7 

0.  8 

0.7 

20 

1.  5 

1.3 

1.  8 

1.  3 

25 

1.  3 

1.  3 

1.2 

1.  3 

30 

1.  2 

1.  2 

1.4 

1.  2 

35 

1.  8 

1.8 

1.4 

1.  2 

40 

2.3 

2.  1 

1.8 

1.  8 

45 

2.3 

2.3 

2.  6 

2.  3 

50 

2.7 

2.  5 

2.  6 

5*.  7 

There  are  too  few  observations  above  50  km  in  the  tropics  on  which  to  deter- 
mine monthly  temperature  and  density  distributions.  Instead,  the  standard  devia- 
tions of  the  observed  values  around  mean  annual  temperatures  and  densities  are 


given  in  Table  6 for  altitudes  between  50  and  90  km.  They  are  based  on  tempera- 
tures and  densities  derived  from  experimental  observations  taken  at  Ascension  and 
Natal. 


Table  6.  Standard  Deviations  of  Observed  Densities  and  Temperatures 
Around  the  Mean  Annual  Values  at  Ascension/Natal 


A ltitude 
(km) 

Density 

S.  D.  (%  of  mean) 

Temperature 

S.  D.  CK) 

No.  of  Observations 

50 

4.  1 

6 

33 

55 

4.3 

3 

33 

60 

4.8 

6 

33 

65 

4.7 

7 

33 

70 

6.4 

9 

32 

75 

8.  6 

10 

31 

80 

7.8 

10 

30 

85 

10.  2 

13 

29 

90 

12.  3 

21 

28 

6.  LONGITUDINAL  VARIATIONS 

In  summer  longitudinal  variations  in  the  structure  of  the  atmosphere  are  rela- 
tively small  at  all  latitudes  and  at  all  altitudes  above  20  km.  Isotherms  and  contour 
lines  on  constant  pressure  charts  in  the  stratosphere  and  mesosphere  parallel  the 
latitude  circles,  and  the  associated  circulation  pattern  is  symmetrical  about  the 
poles  (Figure  2).  During  the  winter  season,  changes  with  longitude  remain  rela- 
tively small  at  low  latitudes  but  become  as  important  as  changes  with  latitude  and 
season  in  arctic  and  subarctic  regions.  The  magnitude  of  the  longitudinal  variations 
in  arctic  and  subarctic  regions  during  winter  is  illustrated  in  a set  of  atmospheric 
models  depicting  January  conditions  between  the  surface  and  55  km  at  10°,  100°, 
and  140°W  for  60°N  and  at  10°  and  140°W  for  75°N.  The  models  are  based  on 
radiosonde  observations,  constant -pressure  maps  at  5,  2,  and  0.4  mb,  rocket- 
sonde  observations,  hydrostatic  build-up  techniques  from  the  5-  and  10-mb  levels, 
and  the  thermal  wind  equation.  Tables  of  the  atmospheric  properties  for  these 
January  models  at  60°  and  75°N  are  given  in  Appendix  B.  Temperature -height 
profiles  are  shown  in  Figures  6 and  7 and  are  defined  in  Appendix  C. 
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Figure  6.  Mean  Monthly  Temperature -Height  Profiles  for 
the  60°N  Models  at  Longitudes  10°,  100°,  and  140°W 
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Figure  7.  Mean  Monthly  Temperature-Height  Profiles  for 
the  75°N  Models  at  10°  and  140°W 
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The  density -height  profiles  for  the  60'- N January  models  developed  for  10°, 
100°,  and  140°W  (Figure  8),  indicate  that  the  longitudinal  variation  in  mean  monthly 
j densities  at  40  km  in  winter  ranges  from  5 percent  less  than  standard  at  140°W  to 

20  percent  less  at  10°W.  Density  profiles  for  longitudes  10°  and  140°W  at  75°N 
(Figure  9)  indicate  that  the  longitudinal  variability  is  slightly  smaller  at  75°N  than 
at  60°N.  The  lowest  mean  monthly  densities  between  35  and  55  km  occur  at  10°W 
at  both  60°  and  7 5°N.  This  region  is  normally  under  the  influence  of  the  polar 
cyclone  that  is  usually  displaced  toward  the  Eurasian  continent  in  winter.  The 
highest  densities  between  35  and  55  km  occur  at  140°W,  reflecting  the  presence 
of  the  Aleutian  anticyclone  that  normally  extends  well  into  the  mesosphere  in  winter. 
At  60 °N  significant  longitudinal  variations  in  density  are  evident  at  all  altitudes 
(Figure  8)  except  at  8 km,  the  isopycnic  level,  whereas  at  75°N  (Figure  9)  longi- 
tudinal variations  only  become  significant  above  25  km. 


Figure  8.  Density -Height  Profiles  for  the  60° N Models 
at  10°,  100°,  and  140°W 
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PERCENT  DEPARTURE  FROM  1976  STANDARD 


Figure  9.  Density -Height  Profiles  for  the  7 5°N  Models 
at  10°  and  140*W 


7.  COLD  AND  WARM  WINTER  STRATOSPHERE/MESOSPHERE 


In  arctic  and  subarctic  regions  sudden  warmings  and  coolings  of  the  winter 
stratosphere  and  mesosphere  produce  large  changes  in  the  vertical  and  horizontal 
structure  of  the  atmosphere.  Both  the  magnitude  and  altitude  of  maximum  tempera- 
ture and  density  fluctuations  during  major  warmings  and  coolings  vary  consider- 
ably. Some  of  the  largest  changes  in  the  vertical  temperature  profiles  have  been 
observed  in  the  upper  stratosphere  between  35  and  45  km.  The  observed  35-  to 
45 -km  temperatures  have  a range  of  roughly  85K  in  winter  compared  with  20K  in 
summer.  As  a result,  mean  monthly  atmospheric  models  for  the  winter  months 
are  of  limited  value  for  specifying  temperatures  at  these  altitudes  since  the  day-to- 
day  variations  in  temperature  are  in  some  cases  as  great  or  greater  than  the 
seasonal  or  latitudinal  changes.  Although  these  warmings  and  coolings  occur  through- 
out the  arctic  and  subarctic  region,  the  largest  changes  generally  occur  between 
latitude  60°  and  75°N;  they  have  been  observed  much  more  frequently  at  some 
longitudes  than  at  others. 

A family  of  warm  and  cold  atmospheric  models,  typical  of  the  region  between 
60°  and  7 5°N,  has  been  prepared  to  provide  an  indication  of  the  magnitude  of  the 
variations  that  may  occur  in  the  vertical  distributions  of  temperature,  density,  and 
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pressure  in  winter  for  altitudes  up  to  90  km.  Tables  of  the  atmospheric  properties 
representative  of  one  cold  and  three  warm  stratospheric  regimes  that  occur  at 
these  latitudes  are  given  in  Appendix  B.  The  temperature -height  profiles  are 
shown  in  Figure  10  and  are  defined  in  Appendix  C.  These  profiles  are  based  on 
radiosonde,  meteorological  rocket,  and  experimental  observations  (grenades,  falling 
spheres,  and  pressure  gauges)  taken  at  Ft.  Greely,  Ft.  Churchill,  Pt.  Barrow,  and 
West  Geirinish  during  the  past  15  years.  Mean  January  conditions  at  60°N  are 
assumed  below  9 km  since  the  temperature -height  profiles  for  this  region  during  the 
various  warmings  and  coolings  are  not  significantly  different  from  the  mean  January 
60°N  atmosphere. 


ISO  200  220  240  260  280  300 


TEMPERATURE  (“K) 

Figure  10.  Temperature -Height  Profiles  Associated 
! With  Extreme  Warm  and  Cold  Regimes  in  the  Winter 

Stratosphere  and  Mesosphere  Near  60°N 
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The  warm  models  are  defined  by  the  altitude  and  temperature  of  the  strato- 
pause.  The  temperature -height  profile  between  9 and  55  km  for  Model  A (Fig- 
ure 10),  the  model  with  the  warmest  stratopause,  is  based  on  an  average  of  three 
MRN  soundings  (in  different  years)  in  which  the  maximum  observed  stratospheric 
temperature  occurred  between  44  and  46  km  and  was  within  2°  of  300K.  Model  B 
is  based  on  an  average  of  five  MRN  observations  in  which  the  maximum  stratos- 
pheric temperature  also  occurred  between  44  and  46  km  and  was  within  2°  of  280K. 

Model  C is  based  on  two  MRN  soundings  in  which  a maximum  stratospheric  tempera- 
ture of  280K,  plus  or  minus  2°,  occurred  between  34  and  38  km.  The  three  warm 
models  could  all  occur  during  various  stages  of  one  large-scale  warming.  However, 
available  observations  indicate  that  a temperature  of  300K  at  45  km  is  equalled  or 
exceeded  2 percent  of  the  time  at  West  Geirinish  and  0.  4 percent  of  the  time  at 
Ft.  Churchill  during  January,  whereas  a temperature  of  280K  at  45  km  is  equalled 
or  exceeded  10  percent  of  the  time  at  West  Geirinish  and  4 percent  of  the  time  at 
Ft.  Churchill.  A temperature  of  280K  near  36  km  is  equalled  or  exceeded  0.  6 per- 
cent of  the  time  at  West  Geirinish  and  0.  1 percent  of  the  time  at  Ft.  Churchill.  1 

Frequencies  of  occurrence  were  obtained  by  plotting  the  observed  temperature  dis- 
tributions on  probability  paper. 

The  cold  profile.  Model  D,  is  based  on  an  average  of  five  observations  in  which  , 

the  temperature  at  45  km  was  within  2°  of  223K.  Observed  data  indicate  that  a tem- 
perature of  223K  or  colder  occurs  at  Ft.  Churchill  6 percent  of  the  time,  at  West 
Gerinish  4 percent  of  the  time,  and  at  Ft.  Greely  9 percent  of  the  time  in  January. 

The  portions  of  the  temperature -height  profiles  between  55  and  85  km  are  based 
on  estimates  obtained  by  using  interlevel  temperature  correlations  with  the  tempera- 
tures adopted  at  40,  45,  and  50  km.  The  correlation  coefficients  were  developed4 
from  data  derived  from  27  independent  grenade  and  pressure  gauge  experiments  con- 
ducted at  Ft.  Churchill  in  the  years  1957  -1972  between  20  December  and  10  February. 

The  density  profiles  associated  with  both  the  warm  and  cold  models  are  pro- 
vided along  with  the  mean  January  60°N  profile  in  Figures  11a  and  lib.  The  densi- 
ties are  protrayed  as  percent  departures  from  the  197  6 Standard  Atmosphere.  En- 
velopes of  the  high  and  low  values  of  density  which  are  equalled  or  surpassed  5 per- 
cent of  the  time  at  60° N in  January  are  also  shown.  They  are  envelopes  rather  than 
realistic  profiles,  since  5 -percent  values  do  not  occur  simultaneously  at  all  altitudes. 

The  density  profiles  for  the  warm  and  cold  models  illustrate  the  negative  correla- 

36  37  38 

tions  that  exist  between  the  densities  at  various  levels  in  the  atmosphere.  * ’ 


36.  Quiroz,  R.S.  (1971)  The  Determination  of  the  Amplitude  and  Altitude  of 

Stratospheric  Warmings  from  Satellite-Measured  Radiance  Changes,  JAM, 

Vol.  10.  No.  3. 

37.  Labitzke,  K.  (1971)  Synoptic -Scale  Motions  Above  the  Stratopause,  NCAR  Ms. 

No.  71-39. 

38.  Cole,  A.E.  (1972)  Models  of  extreme  arctic  and  subarctic  atmospheres  between 

20  and  90  km.  Space  Research  XII,  Academie-Verlag,  Berlin,  p.  629. 
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For  example,  when  the  density  is  much  less  than  the  mean  monthly  value  at  alti- 
tudes between  25  and  40  km  (Figure  lib),  it  is  greater  than  the  mean  value  between 
45  and  75  km.  In  most  cases  the  departures  of  density  from  the  monthly  mean  fall 
within  the  5 -percent  envelope.  However,  as  shown  in  Figure  11,  density  profiles 
associated  with  an  extreme  winter  warming  or  cooling  will  approach  both  the  5 -per- 
cent maximum  and  5 -percent  minimum  values  at  different  altitudes. 


Figure  11a.  Density  Profiles  (Warm)  Associated  With 
Extreme  Temperatures  in  the  Upper  Stratosphere  and 
Mean  January  Conditions  at  6(rN.  Circled  points  form 
an  envelope  of  high  and  low  densities  equalled  or 
surpassed  5 percent  of  time 
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Figure  lib.  Density  Profiles  Associated  With  Extreme 
Temperatures  in  the  Upper  Stratosphere  and  Mean 
January  Conditions  at  60°N.  Circled  points  form  an 
envelope  of  high  and  low  densities  equalled  or  surpassed 
• 5 percent  of  time 

The  altitudes  of  the  maximum  density  departures  from  the  monthly  mean  are 
related  to  the  altitudes  of  maximum  temperature  deviations  in  that  the  maximum 
density  departures  are  roughly  10  to  20  km  above  the  maximum  temperature  devia- 
tions. For  example,  the  largest  positive  density  departure  for  profile  C (Fig- 
ure lib)  occurs  near  49  km,  whereas  the  maximum  stratospheric  temperature, 

280K  for  profile  C (Figure  10),  is  at  36  km.  The  largest  negative  density  departure 
for  the  same  profile  (Figure  lib)  occurs  near  33  km  and  its  minimum  stratospheric 
temperature,  196K  (Figure  10),  is  at  18-20  km. 
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Appendix  A 

Tables  of  Monthly  Thermodynamic 
Properties  of  the  Atmosphere 


Table  Al.  Monthly  Temperature  (°K)  at  the  Equator 
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Table  A2.  Monthly  Density  (kg  m ) at  the  Equator 


Power  of  10  by  which  preceding  numbers  should  be  multiplied. 
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Power  of  10  by  which  preceding  numbers  should  be  multiplied. 


Table  A 2.  (Continued)  Monthly  Density  (kg  m ) at  75 °N 
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»wer  of  10  by  which  preceding  numbers  should  be  multiplied. 


Table  A2.  (Continued)  Monthly  Density  (kg  m ) at  90°N 
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Table  A3.  Monthly  Pressure  (mb)  at  the  Equator 
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Power  of  10  by  which  preceding  numbers  should  be  multiplied. 
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Table  A3  (Continued)  Monthly  Pressure  (mb)  at  75°N 


Power  of  10  by  which  preceding  numbers  should  be  multiplied, 


Table  A3.  (Continued)  Monthly  Pressure  (mb)  at  90°N 
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Appendix  B 

Tables  of  Thermodynamic  Properties  Representative  of  Cold  and  Warm 
Stratospheric  Regimes  Between  60°  N and  75°  N 


Table  Bl.  Temperature  (°K)in  January  for  60°N  and  75°N  at 
Specified  Longitudes 


Altitude 

eo-N 

75 

•N 

(km) 

io-w 

lOO'W 

140°W 

io-w 

140°W 

278.  15 

246.  15 

269.  15 

257. 65 

242.  15 

2.  000 

265.73 

248.  64 

261.  14 

252.  64 

246.  95 

4.000 

253. 33 

242.  13 

251.73 

244.  11 

242.  12 

6.  000 

240.  93 

232.  14 

238.  13 

232.  10 

232.  34 

8.  000 

228.  54 

222.  14 

224. 54 

220.  10 

217.  34 

10.000 

216.  16 

217.  15 

221.  15 

213.  64 

213.  65 

12.000 

216.  15 

217.  15 

221.  15 

212.  64 

213.  65 

14.000 

216.  15 

217.  15 

221.  15 

211.  65 

213.  65 

16.000 

216.  15 

215.  96 

221.  15 

210.  65 

213.  65 

18.000 

214.  17 

214.76 

221.  15 

209.  65 

213.  65 

20.  000 

212.  18 

213.  57 

221.  15 

206.  40 

212.  16 

22.  000 

207. 27 

212.37 

218.  22 

200.  82 

210.  17 

24.000 

202.  29 

211.  18 

215.  24 

195.  25 

208.  18 

26.000 

204. 84 

213.07 

217. 46 

195.  15 

211.27 

28.  000 

207. 62 

215.  06 

219.  84 

199. 22 

214.  45 

30.  000 

210.  40 

217.04 

222.  22 

203. 39 

217.  63 

32.  000 

213.  18 

219.  03 

224.  60 

207. 56 

220.  80 

34.000 

215.  95 

221.  94 

226.  98 

211.73 

223.  98 

36.000 

220.  38 

224. 91 

229.  36 

215.  89 

227. 15 

38.000 

224.94 

227. 88 

231.73 

221.  17 

230.  32 

40.  000 

229.49 

232.  65 

234.03 

226.  51 

233.  49 

42.  000 

234.  03 

237. 59 

236.  20 

231.  86 

236.  66 

44.  000 

238.  58 

242. 53 

238.  37 

237. 20 

239.  82 

46.  000 

243. 12 

247. 47 

240.  55 

242.  53 

242.  80 

48.  000 

247.  66 

249.  85 

242.72 

244.89 

245.77 

50.  000 

252. 19 

251.  82 

245.  83 

246.  87 

248.73 

52.000 

256.73 

252. 15 

250.76 

248.84 

251.  69 

54.000 

257. 55 

252.  15 

254. 15 

250.  15 

252.  15 

I 


Table  B2.  Density  (kg  m"3)  in  January  for  60°N  and  75°N  at 
Specified  Longitudes 


Altitude 

60°N 

75°N 

(km) 

10°W 

100°W 

140°W 

10°W 

140°  W 

1.2555 

1.  4400 

1.  3075 

1.  3608 

1.4681 

+0* 

1.0219 

1.0829 

1.0412 

1.  0612 

1.0880 

8.  2374 

8.4250 

8.  27  88 

8.  3467 

8.4007 

-1 

6.  000 

6. 5693 

6.  5882 

6.  6212 

6.  5870 

6.  5674 

8.000 

5.  1775 

5.  0972 

5.  2271 

5.  1341 

5.  1802 

10.  000 

4.0275 

3. 8155 

3.9010 

3.  8527 

3.  8306 

12.000 

2.  9382 

2.7874 

2.  8660 

2. 8103 

2.7832 

14.000 

2.  1438 

2.0367 

2.  1061 

2.0473 

2.0226 

16.000 

1.  5645 

1.4954 

1.  5479 

1.4895 

1.4701 

18.000 

1.  1508 

1.0963 

1.  1379 

1.  0822 

1.0688 

20.  000 

8.4435 

8.0254 

8.3672 

7. 9325 

7.  8198 

-2 

22.000 

6.  2514 

5.  8655 

6.  2233 

5.  8370 

5.7198 

24.  000 

4.  5969 

4. 2802 

4. 6120 

4. 2589 

4.  1721 

26.  000 

3.  2519 

3. 0803 

3.  3352 

3.  0083 

2.  9732 

28.000 

2.  3090 

2.  2230 

2.4190 

2.0881 

2.  1291 

30.000 

1.  6474 

1.  6094 

1.7610 

1.4600 

1.  5325 

32.000 

1.  1808 

1.  1689 

1.  2865 

1.0284 

1.  1085 

34.  000 

8.  5018 

8.4851 

9.4326 

7.  2973 

8.0574 

-3 

36.  000 

6.  1087 

6.  1851 

6.9392 

5.  2134 

5.  8840 

38.000 

4.4174 

4. 5282 

5.  1221 

3.7332 

4.3165 

40.000 

3.  2158 

3.3069 

3.7944 

2.  6943 

3.  1806 

42.000 

2.3561 

2.4296 

2. 8208 

1.9597 

2.3537 

44.  000 

1.7370 

1.7967 

2.  1031 

1.4361 

1.7491 

46.  000 

1.  2881 

1.  3370 

1.57  24 

1.0599 

1.  3059 

48.  000 

0.  9607 

1.0100 

1.  1790 

0.  7959 

0.  9788 

50.000 

7.2057 

7. 6608 

8.  8318 

6.  0021 

7.3628 

-4 

52.000 

5.4328 

5. 8578 

6.  6017 

4.  5369 

5.  5581 

54.000 

4.  1700 

4.4858 

4. 9924 

3.  4462 

4.  2473 

*Power  of  10  by  which  preceding  numbers  should  be  multiplied. 
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Table  B3.  Pressure  (mb)  in  January  for  60°N  and  7 5°N  at 
Specified  Longitudes 


Altitude 

60°N 

i 

75°N 

(km) 

10°W 

100°W 

140°W 

£ 

o 

O 

140°  W 

0.  000 

1.  0025 

1.0175 

1.  0102 

1.  0065 

1.  0205 

+3* 

7.7954 

7.7292 

7. 8054 

7. 6963 

7.7132 

+ 2 

5.  9903 

5. 8559 

5.  9823 

5.  8488 

5.  8387 

6.000 

4.  5435 

4.3901 

4. 5261 

4.3886 

4.  3801 

8.000 

3.3967 

3. 2504 

3. 3693 

3. 2438 

3.  2318 

10.  000 

2.4991 

2.3783 

2.  47  64 

2.  3628 

2.  3493 

12.  000 

1.  8230 

1.7375 

1.  8194 

1.7154 

1.7069 

14.  000 

1.  3301 

1.  2695 

1.  3370 

1.  2438 

1.  2404 

16.000 

9.7072 

9.  2705 

9.  8268 

9.0069 

9.  0164 

+ 1 

18.000 

7.0753 

6.7589 

7. 2240 

6.5134 

6.  5550 

20.  000 

5.  1428 

4.  9201 

5.3116 

4.  6998 

4.7625 

22.  000 

3.7194 

3.  5758 

3. 8983 

3.  3648 

3.4508 

24.000 

2. 6695 

2. 5947 

2.8495 

2.3870 

2.4933 

26.  000 

1.9122 

1.  8840 

2.0819 

1.  6852 

1.  8032 

28.000 

1.  37  62 

1.  37  23 

1.  5266 

1.  1941 

1.3106 

30.000 

0.  9949 

1.  0027 

1.  1233 

0.  8524 

0.  9573 

32.000 

7. 2258 

7.3493 

8. 2951 

6.  1279 

7.0263 

+ 0 

34.000 

5.  2703 

5.4058 

6.  1459 

4.4351 

5. 1805 

36.000 

3. 8645 

3.  9933 

4.  5687 

3.  2309 

3.  8367 

38.  000 

2. 8523 

2.9621 

3.4072 

2.3701 

2.  8539 

40.  000 

2. 1184 

2.  2084 

2.  5490 

1.7519 

2.  1318 

42.000 

1.  5829 

1.  6570 

1.  9126 

1.3043 

1.  5990 

44.  000 

1.  1896 

1.2508 

1.4391 

0.  9778 

1.  2041 

46.000 

0.  8990 

0.  9498 

1.0858 

0.  7379 

0.  9102 

48.  000 

6.  8305 

7.2441 

8.  2146 

5.5957 

6.9055 

-1 

50.  000 

5.  2165 

5.  5378 

6.  2323 

4.  2534 

5.  2570 

52.000 

4.0037 

4.  2399 

4.7520 

3.  2407 

4.0156 

54.  000 

3.0829 

3. 2468 

3.  6422 

2.4746 

3.0742 

Power  of  10  by  which  preceding  numbers  should  be  multiplied. 
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Appendix  C 


Break-Point  Tablet  in  Geopotential  Kilometers 
And  Temperature  For  All  Models 
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Table  Cl.  Temperature-Height  Profiles  at  the  Equator 
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Table  Cl.  (Continued)  Temperature-Height  Profiles  at  90°N 
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